Background: Atrial arrhythmias (AA) are common in adults with congenital heart disease (ACHD). Although Intra-atrial Reentrant Tachycardia (IART) is well described in ACHD, Atrial Fibrillation (AF) is uncommon, but increasingly recognized. Patients with Transposition of the Great Arteries (TGA) and congenitally corrected-TGA (CC-TGA) have a high burden of AA at a relatively young age. However, long-term data of AA and associated thromboembolic risk are lacking in these patients. The prevalence, associated clinical factors, and complications of AA in a longitudinal TGA cohort was studied. Methods: A retrospective cohort study of all TGA patients from a single tertiary care centre was conducted. Data regarding documented atrial arrhythmias, thromboembolic events, and factors associated with thromboembolism were extracted and analyzed. Mean values and standard deviations were calculated for normally distributed continuous variables. When frequencies and means were compared, the chi-squared test and student t-test were used, respectively.
Background
Atrial fibrillation (AF) is the most common atrial arrhythmia in the general population, estimated to occur at a prevalence of 0.95% [1] . Although AF is uncommon in adults under the age of 55, it is increasingly recognized to occur at a younger age in adults with congenital heart disease (ACHD).
Atrial arrhythmias (including Intra-atrial Reentrant Tachycardia: IART, Atrial Flutter: AFL, Focal Atrial Tachycardia: FAT, and AF) are a common sequelae in the ACHD population, accounting for significant morbidity and mortality associated with poor quality of life, increased thromboembolic risk, and sudden death [2] [3] [4] . The majority of cases with atrial arrhythmias involve patients who have undergone prior reparative cardiac surgery [5] . AF is a growing concern and has been shown to have important associations with stroke and heart failure, especially with increasing age [6] [7] [8] . In addition to the known thromboembolic risk associated with AF, ACHD patients face a host of unique issues and complications related to their specific cardiac lesions [2] .
We investigated the prevalence and risk factors associated with development of AF and thromboembolic risk associated with AF, AFL or IART in a consecutive observational cohort of CC-TGA and post-atrial switch TGA patients.
Methods
Our Adult Congenital Heart Disease Clinic is the designated single advanced care provider for all provincial patients with ACHD, in a single payer public health care system situated in Vancouver, British Columbia, Canada. This study was a single centre, retrospective observational cohort of all adults ≥18 years with TGA (TGA with atrial switch and CC-TGA) seen in the Adult Congenital Heart Disease Clinic. Examination of case charts was conducted based on data extracted from the clinic database. Information recorded included basic demographic information, cardiac procedures, arrhythmia on electrocardiogram (rhythm strip or standard 12-lead ECG) thromboembolic events, co-morbidities and concurrent medical treatment.
One hundred twenty five TGA patients were identified from the ACHD database. Two patients were excluded due to incomplete follow up data after migration out of province. The thromboembolic outcomes were defined as clinically adjudicated with imaging confirmation when available. Arrhythmia diagnosis was as adjudicated by the treating cardiologist with confirmation from ECG/ Holter and electrophysiology studies (Fig. 1) .
Descriptive statistics for nominal data were expressed in absolute numbers and percentages. Mean values and SDs were calculated for normally distributed continuous variables. When frequencies and means were compared, the chi-squared test and student t-test were used, respectively. For all analyses, two-tailed P-values <0.05 were considered statistically significant. Thromboembolic risk prediction was modeled using the CHADS-VASc risk factors, but specific scores were not calculated. Institutional Research and Ethics Board approval was obtained prior to initiation of the study.
Results
One hundred twenty five patients with TGA (TGA with atrial switch and CC-TGA) were identified and data from 123 patients were used for analysis. Seventy-five subjects (61%) had TGA and 48 had CC-TGA (39%). The mean age of the TGA patients was 34.5 (±7.6) years, while the average age of the CC-TGA patients was 45.4 (±18.3) yrs. Males were predominant in the study population, accounting for 70/123 (57%). The mean follow up duration was 20.8 (±13.2) years (Table 1) .
Atrial Fibrillation was identified in 25 patients (20.3%), in whom 20 had paroxysmal AF and 5 had permanent AF at last contact. The onset of AF was first documented at age 37.2 ± 11.2 years, with latest follow-up at 46.8 ± 12.5 years. The majority were males (17/25, 68%). AF was associated with previous occurrence of IART, ventricular tachycardia and requirement of implantable cardiac defibrillator (p = 0.01), but not associated with age, sex, previous heart surgeries, heart failure, NYHA functional class, or requirement of pacemaker.
Five subjects had cerebrovascular accidents after the onset of AF (stroke: n = 3, TIA: n = 2). There were 1.7 CVA events per 100 patient years of follow-up after onset of AF. Systemic thromboembolism (n = 3) risk was 1% per year after onset of AF. 
Stroke and transient ischemic attack (TIA)
Thirteen patients with AF had stroke/TIA. However, six occurred during childhood. These were associated with surgery (n = 3), deemed idiopathic (n = 2) or due to possible intrauterine insult (n = 1). Hence, these were excluded from further analysis. In six of the remaining seven patients (7/123, 5.6%), TIA/ stroke was confirmed on brain CT or MRI. The remaining patient had clinical TIA without radiological confirmation. The average age of presentation was 38.1 (range 25-50 years). The details of atrial arrhythmias and thromboembolic findings are described in Table 2 .
There was a significant preponderance of male sex in the thromboembolic event group (6/7, p < 0.05) and presence of AF (5/7, p = 0.038). Most subjects (4/5, 80%) had paroxysmal AF, while only one subject had persistent AF. No patient with IART had stroke. TGA patients with heart failure requiring diuretic therapy were also more likely to have stroke/TIA than those who were not (p = 0.03). Incidence of diabetes, hypertension and peripheral vascular disease were not significantly different in the stroke/TIA population versus the rest of the study population.
Systemic thromboembolism
In this group, apart from the cerebral thromboembolic episodes, three other subjects had systemic embolic complications (3/123, 2.4%), two had AF, and the other had IART.
One male patient with TGA and AF (documented by pacemaker electrogram) had a renal infarction at age 24 years but no CVA. Another 26-year-old with paroxysmal AFL developed popliteal artery thrombosis on a background of a history of mechanical aortic valve thrombus. The third patient was a 59-year-old male with CC-TGA and paroxysmal AF who had acute coronary syndrome from a presumed coronary embolism but normal coronary angiogram; he had multiple strokes 2 years later. Only one patient with thromboembolism had a baffle leak.
Relationship between AF and IART/FAT
Fourteen subjects with AF (14/20, 70%) had previous IART that was documented by ECG or Holter. This is significantly higher than the ones who did not have AF (23/103, 22.3%, p < 0.01).
Thirty seven patients (37/123, 30%) of the group had documented IART while 13% (n = 22) patients had FAT. Six AF (24%, 6/25) patients had documented FAT before developing AF in follow up. 
Follow up
The average follow up duration was 20.6 ± 13.2 years. There were seven deaths (5.6%) One patient underwent cardiac transplant. Three patients in the AF group died (versus 4 in the non-AF group, p = 0.14).
Discussion
This study reports the factors associated with AF and its complications in TGA with atrial switch and CC-TGA. Although the sample size is small, the relatively long follow up in a single tertiary care facility provides some meaningful insight into the situation. In our small cohort, AF was found in 20% of patients and was associated with a 2.7% annual thromboembolic event rate.
In the general population, AF is an established risk factor for thromboembolic stroke [7] , significant morbidity and a 40-90% overall increase in mortality during longterm follow up [6, 8, 9] . While there may be similarities in AF affecting the general and ACHD population, these groups are inherently different in their co-morbidities, arrhythmia substrate, and presentation. With technological advances in arrhythmia detection, the true prevalence of atrial arrhythmias may be underestimated by this study. In addition to occurring at higher rates, AF also seems to have presented at a much younger age in our cohort. This is consistent with other studies showing relatively young age at development of AF in patients with ACHD [10] . Risk stratification systems such as CHADS 2 [11] and CHADS-VASc [12] have been validated for use in non-valvular AF in the general population, but may not apply to ACHD.
It is very challenging to aggregate all ACHD into a single pathophysiological process in order to understand AF meaningfully. Therefore, we chose the TGA group as these patients have similar physiology with regards to susceptibility from atrial arrhythmia substrate and significant systemic ventricular dysfunction. The TGA patients who underwent atrial switch procedure are now in their third and fourth decades of life [2] . These patients are also experiencing the complications associated with systemic right ventricular dysfunction and are uniquely positioned as a study population in this regard.
The atrial switch procedure for TGA in the 1960s dramatically improved survival in that group [13] [14] [15] . However, long-term follow up care revealed growing problems in this population including systemic ventricular failure, valve regurgitation, and significant late arrhythmias [16] [17] [18] . In 2000, Oechslin et al. [16] described late atrial flutter or atrial fibrillation as a result of systemic ventricular dilatation and dysfunction, contributing as risk factors for death. Furthermore, Gatzoulis et al. [17] reported that sustained atrial flutter/fibrillation was found in 19.6% of their 51 adult TGA patients post-Mustard procedure.
In TGA, extensive atrial scar substrate may potentially lead to IART/FAT but it is unclear how this may progress to AF. Atrial dilatation may be a factor in CC-TGA but there is sparse evidence to validate this as a clinical risk. Furthermore, this is unlikely in TGA post-atrial switch procedure due to relatively poor distensibility of the baffle anatomy. AF was diagnosed in 20% of these patients. There were significant overlaps, but in the clinical context, it may be very challenging to differentiate between IART and FAT without intracardiac electrophysiological manoeuvres, especially with suboptimal P-waves on surface electrograms. The prevalence of AF in our study population is similar to previous experience with TGA but higher than the 11 to 15% prevalence of atrial arrhythmia in the general CHD population [19] [20] [21] .
IART is well described in TGA but the significant risk of developing AF in the long term has not been reported previously. Due the high prevalence of AF in the TGA group, routine care should include active screening for atrial arrhythmias in this group of patients. By beginning early surveillance and active screening, prophylactic therapy can be initiated to reduce TE risk.
The risk of developing AF is high in AFL patients and therefore active monitoring is required.
The incidence of stroke is approximately 1% in the general population, increasing to up to 8% in the elderly [1] . Cerebrovascular accidents (CVA) are also responsible for a major contribution to morbidity in the young CHD population, despite the absence of traditional cardiovascular risk factors. A 2010 study by Hoffmann et al. demonstrated 10 to 100 times increased risk of CVA in the CHD population when compared to aged matched healthy controls in the general population [22] .
Our data suggests an 8% prevalence of thromboembolic events in long term follow up, excluding pediatric/periprocedural events. This is currently under-recognized and likely to worsen with further follow up. The EuroHeart study showed a 6% prevalence of CVA but it is unclear if peri-procedural or previous events had been excluded [21] .
Our data also demonstrates that males had significantly more thromboembolic episodes in the non-valvular AF population. The incidence of diabetes, hypertension and peripheral vascular disease is quite small in this young population. There was no association with diabetes, hypertension or peripheral vascular disease in our study, but in view of very limited numbers, the significance of this is uncertain. Heart failure predisposed to thromboembolic episodes risk in our group of patients. The median CHADS 2 score in this population was 0, and hence not predictive of thromboembolic risk.
With continued follow up, this group of patients with TGA in adulthood will continue to experience worsening of late complications and place a growing burden on existing limited healthcare resources [19] . Even though stroke/TIAs are relatively rare, they often leave sequelae which may add significantly to the disease burden in the ACHD population. The risk of thromboembolic episodes in our study may seem low. However, in this population with a relatively young mean age of 38 years at last follow-up, this figure is significantly higher than in an otherwise healthy general population.
Limitations
This study has several limitations, mostly from those associated with any retrospective analysis spanning over decades. The end points are clinical and may have been underestimated. For example, TIA or other embolic events cannot be excluded, as minor episodes may be overlooked by the patients, not be recorded by caregivers, or captured in a different hospital. However, our centre is the only tertiary centre in our province and has dependable follow up including regular telephone interviews with the Clinic Nursing team. Outcome definitions may have varied between the clinicians but this is unlikely, considering this is a single centre.
We acknowledge that the post-atrial switch procedure TGA and CC-TGA clinical profiles are different but they were included together because of the systemic RV which has high risk of systolic dysfunction and is a known risk factor for stroke in the non valvular AF population. We have therefore presented the data separately in these 2 groups.
In view of the small number of end points, meaningful prediction scores or trends using logistic regression were not possible and points towards the need for multicentre collaborative research in the future to have further insight into this problem. Alternatively, a central database for ACHD patients would be a useful adjunct to provide adequate numbers for meaningful statistical analysis and risk prediction.
Clinical parameters such as systemic ventricular ejection fraction, atrioventricular valvular regurgitation, and medications are dynamic and very likely to change over long term follow up in complex ACHD patients, hence those variables have not been included in data analysis. Moreover, the event rates for AF and thromboembolic complications are low, which precludes prediction of any solid risk scoring system. This emphasizes the crucial need for prospective data collection from multiple centres in the future to address these questions more effectively.
Finally, our findings may not be generalized to the ACHD cohort as a whole because comorbidities such as intracardiac shunt, erythrocytosis, cyanosis or mechanical valves independently affect stroke and thromboembolic risk.
Conclusion
AF is common in the TGA (TGA post atrial switch and CC-TGA) ACHD population in long term follow up. AF starts at a relatively young age and is often preceded by other atrial arrhythmias (IART/FAT). AF is associated with a risk of thromboembolic stroke (annual risk 1.7%) and systemic thromboembolism (annual risk 1%) totalling an overall 2.7% risk annually after onset of AF. Male sex and heart failure requiring diuretic use were associated with increased incidence of stroke/TIA.
TGA patients with non-AF atrial arrhythmias should be screened actively for AF and treated accordingly. Further multicentre, prospective studies are required for CVA and TE risk stratification in ACHD patients. 
